Electron temperature and density profiles measured between 120 and 630 kilometers at midday at Wallops Island on March 2, 1966 are presented and interpi eted. The temperature profile exhibits a strong positive gradient (240/km) below 150 kilometers followed by a smooth transition to a much smaller positive gradient (1.5°/km) above 300 kilometers. Between 300 and 400 kilometers, the electron density decreases with a scale height of about 100 kilometers, which is significantly lower than the diffusive equilibrium scale height for the observed temperatures. Furthermore, the scale height more than doubles between 400 and 500 kilometers. This change in scale height in a region where the mean ion mass and the electron temperature are nearly constant is also inconsistent with diffusive equilibrium and suggests that some dynamic process was occurring at the time of the flight.
INTRODUCTION
The purpose of this paper is to present the cylindrical probe measurements of electron temperature ( Te ) and density (N e ) and to employ those results to examine the particle and energy balance of the topside of the ionosphere on that occasion. The ion composition measurements are drawn upon for certain boundary conditions in the calculations.
THE EXPERIMENT
The theory and implementation of the cylindrical electrostatic probe measurement have been discussed in detail elsewhere (Spencer, Brace, Carignan, Taeusch, Nieman, 1965) (Brace and Reddy, 1965) (Brace, Reddy and Mayr, 1967) but will be reviewed briefly here. ! 4 As shown in Figure 1 , the probe sensor is mounted on the side of the instrument housing and protrudes outward about 18 inches into the plasma which surrounds the payload when in flight. The initial 9 inches of the sensor is insulated from the collector and acts as a guard electrode. The collector itself is 9 inches long and 0. 022 inches in diameter and, like the guard, is made of stainless steel.
The potential of both the guard and collector are swept l+.nearly from -1.1 volts to +2.4 volts at the rate of 6 sweeps per second. A 4 .5 volt step is applied for about 15 milliseconds before and after each sweep to provide additional spatial resolution in the electron saturation current used to derive N..
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Because of the high spin rate ( 1 rps), employed to maintain attitude stability of the payload, it was necessary to use the shortest sweep period consistent with amplifier and telemetry frequency response. The 160 millisecond period employed permitted each volt-ampere curve to be resolved while the probe rotated through an angle of less than 50°, thus minimizing distortion of the a curves due to the spinning motion. The high sweep rate produced a much greater spatial resolution than was needed throughout most of the flight. Therefore curves were selected to provide approximately uniform height resolution except where indications of structure were present. Curves recorded while the probe rotated through the wake of the vehicle were rejected, although this was not a consideration during most of the ascent when the vehicle spin axis was aligned more or lose with the velocity vector. The circled points were derived from the ionosonde record taken simultaneously at Wallops Station (private comm mUcation J. Jackson. Since we cannot uniquely identify the upper boundary of the nose cone wake effects seen on upleg, we have arbitrarily interpolated between the ionosonde data at the Fz maximum (250 kilometers) and the probe data above 320 kilometers. The solid lines represent a fr-e-hand fit to the points above 320 kilometers on upleg and to all the downleg points.
Electron Temperature
The electron temperature analysis began to yield consistent results soon after nose cone ejection, even where the magnitude of the currents was depressed by more than a factor of 10 in the nose cone wake. Groups of about 5 volt-ampere curves were selected at approximately 20-kilometer intervals and the mean value of each group is shown in Figure 6 , The horizontal bars represent the standard deviation of each set. The telemetry signal was lost at 110 kilometers on downleg where the rocket passed below the 'local horizon at Wallops Station.
Horizon*al Gradient
As a result of the horizontal motion of the rocket (approx. 1 km/sec) as it traveled eastward over the Atlantic ocean, the data taken near apogee may contain significant horizontal structure. This probably accounts for the 30% difference in the electron density on upleg and downleg. The T. data do not show this effect as strongly. In either case, however, caution should be used in employing the data above about 500 kilometers without a suitable correction for the observed horizontal gradients.
DISCUSSION
An examination of the N, profiles between 300 and 400 kilometers reveals that the scale height is only about half that which would be expected in diffusive equilibrium at the observed temperature (assuming T i = T.). Furthermore a factor of two increase in the scale height occurs between 400 and 500 kilometers where no corresponding change in the temperature and composition is observed (Brinton, of al., 1968) . The scale height at higher altitudes, although somewhat obscured by t:^e horizontal gradient, is reasonably consistent with diffusive equilibrium as will be noted later.
In the following analysis we attempt to account for the reduced scale height below 400 kilometers by introducing ( 1) an ion-neutral drag which produces a downward force on the O+ population, or (2) a temporal variation in the O+ distribution which produces an upward flux of O + and a resultant ion-neutral drag in the downward direction. Either of these dynamic effects, or a combination, can reproduce the observed scale heights; however, Brinton et al., (1968) have employed the ion composition measurements taken on this flight to argue against the upward O+ ion flux.
The Particle Equations
In the following analysi p. we consider only the ions O+ and H+, by far the major ions observed in the upper F region on this flight (Brinton et al., 1968) . F We assume that 0+ is produced by photoionization of O and is Post by charge transfer to 1: 2 . We assume that the source and sink for H + is the charge exchange reaction
Since this reaction involves O + , it is also included in the O+ continuity equatlun.
We further consider only field-aligned transport processes.
The resulting continuity equations for O+ and H+ have the form equator crossing of field line), then (6) and (7) can be integrated to give the transport velocities where s e is the distance up the field line to the equator.
The Momentum Equations
Defining the ion and electron scale heights H +V H +9 H as, 
the equations of momentum conservation can be written in the form 
